It is now possible to identify biochemical and/or cellular changes in humans due to exposure to an environmental toxin. These changes are called biomarkers and are currently used in research studies to identify individuals exposed to specific toxic substances. Advances in the field of biomarker technology may have important implications for the detection, prevention, and treatment of certain diseases in children. This technology may enable physicians to screen children who have no clinically detectable illness for evidence of exposure to specific toxins. Such information could lead to implementation of preventive measures and development of new therapeutic strategies. However, several important issues, including potential adverse consequences resulting from the widespread use of this technology, must be considered prior to its utilization within a clinical setting. Leaders of the pediatric and public health communities should recognize the paucity of scientific data in the pediatric environmental health area, and new approaches to this important aspect of child health should be developed. This article will address several of the issues involved in pediatric environmental health and consider questions that should be answered as the potential for technology transfer becomes a reality. -Environ Health Perspect 1 03(Suppl 6): 99-104 (1995) 
Introduction
A variety of technical advances have enabled scientists to identify specific changes in humans at the molecular and cellular levels that are secondary to exposure to a particular environmental toxin. Alterations in DNA, changes in protein structure, metabolites in urine or blood, and other "footprints" of toxic exposure can now be recognized and are being used as research tools in molecular epidemiology to identify and track toxic exposures. These molecular or biochemical changes are called biomarkers. As technical advances in the field of molecular genetics are made, it may become possible to detect biomarkers at the DNA level that predict susceptibility to environmental toxins.
The use of these biomarkers in a clinical setting could facilitate the diagnosis of conditions in children that occur as a result of exposure to specific toxic substances. Application of this technology should enable the physician to include specific environmental toxic exposures within the differential diagnosis of childhood illnesses such as failure to thrive, chronic dermato-logic conditions, respiratory complaints, altered susceptibility to infection, and perhaps even leukemia. The identification of a specific biomarker should help to confirm that a child has been exposed to a particular toxin and may provide a tool to monitor either the effects of the toxin or the effects of therapy. Biomarkers may have especially useful applications for regular screening of children living in environmentally hazardous areas (1) .
In this article we will discuss several environmental health issues in which the distinction between child and adult is crucial. We will also discuss questions that must be addressed prior to utilization of biomarker technology within a pediatric clinical setting. We will emphasize the need for research and education in the area of pediatric environmental health and will present the concept of a comprehensive pediatric environmental health program as a model for pursuing these goals.
The Child Is Not a Small Adult! Pediatrics is a distinct field of medicine. It is based upon the recognition that the child is not a small adult. Indeed, the child has unique metabolic and physiologic pathways that are distinct from those described in adults. Many of these differences are the result of developmental changes that are initiated during fetal DC, 18-19 March 1994 ). The lack of appreciation for the physiologic differences between children and adults has resulted in the development of environmental safety standards that continue to permit substantial risks to children. Even when we consider toxins more likely to affect children than adults, we find that environmental safety standards such as those for pesticides do not always take into account differences in the size, intake, respiratory, or metabolic characteristics of a child (2) .
There appear to be many reasons why the child is likely to be more susceptible than the adult to the effects of an environmental toxin. Among these, the most important is the child's inability to recognize certain toxins and to avoid certain exposures. This is especially true for infants and toddlers. In addition, differences in metabolic pathways required for activation or degradation of toxic compounds, relationships between dose and surface area or mass, water and/or caloric intake relative to surface area, and ability to excrete hazardous substances through renal or hepatobiliary pathways contribute to the child's inability to tolerate doses of toxins that might be less harmful to an adult.
It is likely that the fetus and infant are even more susceptible to the damaging effects of environmental toxins than the child. For 
Biomarkers as a Research Tool
Biomarkers have been used in a number of research programs to identify and quantify toxins and to determine the effects of a specific toxin on laboratory animals that have been intentionally exposed to specific doses of the toxic substance (9) . When used successfully, these biomarkers have enabled investigators to identify effects of the toxin at the molecular level and to identify animals affected by the exposure. However, the relationship between the biomarker and the clinical consequences of the exposure frequently are difficult to establish. In some cases, the animals have developed diseases similar to those observed in humans at comparable exposure levels. In most of the animal models studied, though the biomarker serves to identify an affected animal, it cannot be used to predict the physiologic as well as the long-term effects of the exposure.
In addition to their applications in experimental systems, biomarkers have been used in clinical and epidemiologic research to document toxic exposures and to investigate genetic susceptibility to environmental toxins in humans. Though there have been a number of studies of adults exposed to environmental toxins, limited environmental research has been performed using biomarkers to identify affected children. Since biomarkers can be found using small blood samples, urine, or, in some cases, skin, there is no reason that this technology could not be used to evaluate children who have potentially been exposed to an environmental hazard. However, except in cases such as lead, radon, asbestos, and some pesticide exposures, there have been very few attempts to develop new biomarker techniques to identify toxic exposures in children (10) . One of the objectives of the authors of this article is to encourage scientists working in this field to consider the needs of the child and to develop technology so that appropriate biomarkers can be used widely in a pediatric setting. Advantages of biomarker technology include early detection of toxic exposure, tracking of disease treatment, preventive screening for toxic exposure in high-risk areas, screening during pregnancy, and inclusion of toxic exposure in differential diagnosis.
Molecular Medicine and Pediatric Environmental Health
In several areas of medicine, the application of molecular biology techniques to clinical problems has dramatically improved the ability to diagnose and treat diseases in children. Within the next decade, in addition to improved molecular methods for DNA diagnosis, basic science advances are likely to result in gene therapy for a number of genetic conditions affecting children. In this section, we will briefly discuss the impact. that this molecular technology might have on the transfer of biomarker technology into a clinical setting.
The list of diseases that can be detected by gene analysis has increased dramatically in the last decade and is likely to continue to increase as a consequence of current efforts to map the human genome. In the pediatric field, this technology has made possible the identification of both genetic traits and genetic diseases. Newborn screening programs have incorporated many of these advances when the genetic information can be used to benefit the child, and programs like the state-mandated newborn screening for hemoglobinopathies are employed on a national scale to diagnose and treat children born with diseases such as sickle cell anemia and thalassemia. It may soon be possible to identify susceptibility to certain cancers and atherosclerosis in screening programs. Further development of this technology ideally will lead us beyond the identification of existing conditions to the point where we may begin to identify genes that render a child susceptible to a disease or to damage caused by an environmental toxin (11) (12) (13) (14) (15) .
Intrauterine diagnosis is possible for a variety of genetic diseases using molecular techniques. Although this has not been attempted to date, it is possible that DNA alterations or other biomarkers consistent with a specific environmental exposure can be identified in cells obtained from amniotic fluid. This information could be used to predict consequences in situations in which pregnant women have been exposed to environmental toxins. The availability of such biomarkers could help the pediatrician who is asked about the impact of a specific environmental toxin during pregnancy.
As researchers identify cancer susceptibility genes, genes that determine the ability to catabolize environmental toxins, and genes that may be altered as a consequence of parental exposure to environmental toxins, we will be faced with decisions regarding the usefulness of this information and the value of incorporating screening for these genes within existing screening programs. For genetic diseases, screening procedures have been mandated when therapies for the disorders are recognized. Will we have similar therapies for environmental agents? Should we mandate screening for environmental agents in the absence of effective therapies?
Similarly, once the capability to detect a biomarker in the fetus is accomplished, many new issues will have to be addressed. Is there a therapy that can be used to prevent toxicity? Can this be started in utero?
Environmental Health Perspectives What will be the impact of the exposure after the child is born? Finally, should a therapeutic abortion be considered? We have no information on this extremely important area and careful research studies covering basic science, social science, and community awareness are important to conduct simultaneously with the development of improved biomarker technology. Since the basis of pediatric medicine is prevention, one would hope that we could develop procedures to avoid environmentally induced disease in susceptible populations and that we could implement these procedures on a national level.
Although there are instances where the transfer of genetic technology from the laboratory to the clinic has been relatively uncomplicated, such as those in the field of hematology, in certain cases, especially where susceptibility to disease is involved, several social, legal, and medical issues arise. These include concerns regarding access to genetic information, use of genetic information for purposes that might not directly benefit individuals being tested, and availability of services for individuals found to have a genetic trait or disease. It is likely that the transfer of biomarker technology to the clinical setting will raise a number of similar questions and that resolution of these matters will require careful analysis, planning, and the development of new public policies.
Pediatric Environmental Health and the Legal Community
If one reviews the medical records in many large children's hospitals, the paucity of information on potential environmental toxins rapidly becomes evident. For example, when the medical records of children evaluated for respiratory illness were reviewed, fewer than 10% of the records indicated that questions were asked about exposure to passive smoke. Similarly, in patients presenting with behavioral problems and developmental irregularities, records seldom indicate tests for blood lead levels or other environmental toxins, though the symptoms have been correlated with lead exposures in children (16, 17) . This lack of attention to environmental issues in pediatrics indicates a pervasive skepticism among health care providers about the need for environmental health programs and illustrates the need to implement education programs addressing important issues in pediatric environmental health. To be most effective, these educational programs must be incorporated in medical school curricula, residency training programs, and postgraduate medical education programs.
In contrast to pediatricians, who for the most part are skeptical of the impact of environmental toxins on children, members of the legal community are often the first to consider that a child's illness may be secondary to an environmental toxin. When this question is raised by a lawyer, a referral to a physician who is knowledgeable in this area must be made. However, very few physicians are either capable of -or interested in-providing such a consultation. Since physicians often question a lawyer's motivation for a referral, only infrequently is an evaluation actually made. A lack of willingness to cooperate with lawyers may increase the number of children who continue to suffer from environmentally induced diseases; and even when a consultation is given, a lack of expertise and experience with environmental medicine may result in a poor evaluation. Using a biomarker to assist in this evaluation would help the physician confirm that an exposure might have caused the child's illness.
A program developed by pediatricians and members of the legal community to work together to address this important issue of child health should be considered as part of the larger goal of raising awareness of the environmental health field. Pediatric leaders must also investigate the possibility of collaborating with lawyers and working within the legal system so that preventive environmental health measures are developed to specifically address pediatric concerns.
Technology Transfer, Environmental Health, and Clinical Pediatrics
Given the limited awareness of or sensitivity to environmental issues within clinical pediatrics, it is not surprising that technology transfer involving use of biomarkers in clinical pediatrics is quite limited. At the present time, although a few epidemiologic studies have been conducted on children living near toxic dump sites, application of biomarkers to detect environmental toxic exposures in the clinical setting has been primarily for lead poisoning and passive exposure to environmental tobacco smoke (ETS) (18) (19) (20) .
The accurate measurement of blood lead in children has provided physicians the opportunity to identify, treat, and potentially eliminate this environmental hazard for children. The toxic effects of elevated blood lead have been clearly demonstrated, and, unlike for most environmental hazards, standards for blood lead have been established for children (21, 22) . Screening programs based upon blood lead measurements are widespread, and in some areas they are mandated by law. The acceptance and implementation of lead screening programs in specific communities where there is high risk of lead exposure demonstrates that when significant environmental health problems are identified, political pressure spearheaded by community organizations can lead to the development of programs to limit toxicity.
Unfortunately, the measurement of blood lead poisoning requires a venous blood sample, and contamination of the blood sample is frequent. New technology should be developed to screen for lead poisoning using a biomarker that can be detected on a blood sample obtained by a fingerstick method. This technology would expand the possibility of community-based screening, as samples could be collected in homes without the need for a phlebotomist or the expense of a laboratory visit. Furthermore, such a biomarker could be used to monitor cellular changes secondary to lead toxicity.
Cotinine, a metabolic product of nicotine, can be found in the urine of children who have been exposed to environmental tobacco smoke (ETS). Studies of newborn infants have demonstrated that cotinine can be found in their urine when the mother has a history of smoking. In this context, cotinine can also be considered a biomarker. Although there is considerable evidence that ETS is toxic to children and can lead to serious medical complications (23) (24) (25) Behavioral changes, abnormal growth patterns, susceptibility to infections, skin rashes, and a host of other medical complications may be ascribed to environmental toxins. However, these conditions may be completely unrelated to the toxic agent. Unless we are able to specifically identify a causal relationship between the biomarker and a disease, and have a therapy to prevent disease onset or specifically treat manifest disease, we must proceed cautiously with the application of biomarkers. Furthermore, as we develop advanced technology that can be used to study environmental toxic exposures in children, we must also consider research plans to determine the impact of this information on the child and family. For example, once a parent hears that a child has a biomarker that indicates exposure to an environmental toxin, the family may perceive the child in a different light-as disabled, frail, or damaged-whether or not the relationship between the biomarker and disease process has been firmly established. The long-term effects on a child's self-esteem could far outweigh the benefits of assessing the medical risk in the first place.
As we improve our molecular capabilities for identification of genes responsible for disease, we will have to develop guidelines on how to use this information. What do we say to the parent who has a susceptible child? Will we be providing information that will benefit the child and the family? How we will protect this child from environmental toxins? Will the child be able to obtain health insurance or employment as an adult? Will biomarkers serve only to label the child or will they actually improve child health? With justification, one could ask whether procedures to identify toxic exposures help more than they create confusion. These issues, although not immediate, must be considered as we advance the technology.
It will be equally important to consider research protocols to determine the efficacy of biomarker tests. Although the validity of biomarkers has been documented in cases in which adults have been exposed to certain environmental toxins, similar applications in children's health are limited. Once this technology becomes available, the issue of how to treat the child who has a biomarker will surface. Will the marker disappear when the child is removed from the toxic environment? Will the biomarker cause permanent alterations in DNA and have long-term consequences such as malignant transformation? Only sustained research tracking the transformation of given biomarkers from detection through treatment will provide insight into the role that biomarkers will play in medicine. Through research, some of the mystery surrounding causal links between disease and marker will be dispelled as long-term follow-up tracks the biomarker and correlates it with the clinical picture. Answering questions such as these will play a significant role in shaping the public policy that will arise from biomarker technology in the clinical setting.
Recommendations Physician Education
Other than pediatric programs to assess lead poisoning, there are no recognized centers where children can be evaluated for medical conditions resulting from exposure to environmental hazards. Most 
Conclusions
In conclusion, the authors recommend that national emphasis be placed on developing comprehensive programs for pediatric evaluation for toxic environmental exposures, physician education in detection and treatment modalities, and basic research in the expanding field of biomarker technology. In conjunction with development of technology and treatment, there must be. discussion and inquiry into the ethical and psychological issues that inevitably will be associated with the application of this technology in the clinical setting, and, most importantly, we must consider ways of preventing misuse of diagnostic information.
Children, because of their rapid development and distinct physiologic processes, are especially vulnerable to toxic exposures. Research that seeks to correlate long-term disease profiles with exposure to environmental toxins is an essential part of the broader effort to prevent and treat pediatric illnesses.
